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i=H^ *fl«sL ol^^l ^« 0 H£ %Alj: S zj-z^ a o v 7 i zj. ^ 4^- 

Aj-o]oj sj-^-o] tq-^oj ^^s.^. oj^ol^l <*«^ ^Allf ^*Hr *fll 

7lSf; #7} X| 1 * XI 2 #^*l7m ^71 * «o V ^ "fl 

%W s)^r ^71 ^^l^Jl, #7j **fl ^«oH^5. ^a] 

€ ^7) ^fl^-i-^ ^-71 ^AjJ^ -^Vg^ <$]E^« 0 1^> 

£ 4 
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%^7l ^ oi-g-sj- s^-g-l!: ^ ^f-^l ^li^ {OPTICAL AMPLIFIER 

AND BIDIRECTIONAL WAVELENGTH DIVISION MULTIPLEXING OPTICAL COMMUNICATION SYSTEM USIN 
THAT} 



£ 2^r £ 1<H1 ^-aiji ^ ^ u o v ^ ^Jl-I- M-efq]^ HEflS, 

£ 5^ 5. 4^1 £A]^ ^«J-^= ^-Als ^ ^ ^ M-Bfifl^ ZlHflS, 

51 6£r 5L 4^] 51 a] 4=1 ^"^#71 # uJ-lM 



^^^H" ^-f-^J (bidirectional wavelength division 

multiplexing optical communicat ion)°fl ^rtr ^ iLic-A) > ^-*] ^-^^-7] (optical 
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amplifier) 3l °l-8-3r 4# W^l *l^°fl 3}°14. 

<8> sj-^^- tj-^ A]^ai^- ttj-s cf^o] *fl^ (channel)* #^-fr» ^ 

«fl 3#*rH, 3* Sl-i: ^ ^^°1 -f^SH ^ZL^ olE}^ n< j- ( internet)^ ^ 

<9> £ l£r #2)14 ^« 0 >^ 4# *1^* 44^ ££°14. S l°fl 

XU ^^71(100), ###71(200), Xl2 #^^1 71(300) ^ #^-&-(400)S ^4 
^U"^ 4^^ 4# *li^ 0 l £44°1 ^"71 XU #4^1 4 (100 HI 

^ ^71 XI 2 #3^171(300)5. #^4tt #^1^« ^ w oH^ #^l^(115)5rJl 
ZL ^ y oH^^ ^4tt #^1^« 4^ #^l^(315)HfJl °1 afl, #4 

*J= ^ 4 H o V ^ #^3L (115 £ 315)^ 44 4^H1 4€- 4^r4 *H^s ^€4. 

<io> XU #^<07l(100)^ 4^4 XU ^-^(transmitter, 110), 4^r4 XU ^ 

-tl-T-C receiver, 180)4, XU s}-^^-^" 4#4-7l (wavelength division multiplexer, 120) 
4, XU 4 4#4-7l (wavelength division demultiplexer, 170)5+, XU 

# #^-H-(dispersion compensation fiber, 130)4, XI 1 ^ X|2 #-^-(140 ^ 160)4, 
XU 41" 211 °14( optical circulator, 150)5. ^44. 

<n> #7) cf^4 XI 1 #^(110)^ 44 4-E- 7>4tt 

#4 Xll 4^^ 4#47l(120)^r #7] 4^4 XU #^(110)5-^4 «y^4fe 4^r 
4 4#4tr £ u o Vt 8= #^l3l(115)» #3tr4. 

<12> #4 XI 1 S-^iL^ #^-H-(130)fe #4 #^1Jl( 115)4 # 
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o] nfl ^-AVoj £ a o v 7 ) ^oj-^ ^s(115)* ^*Rr ^l" 0 ] ^S. « 
* 7>^o|l uJ-sM # 7 1 ^-Als(115)Sl ^^-i: 

<13> #7l aQl ^3.^.(140)^ ^-71 ^S(115)» ^r*M ^ ^ 

<H# °l£r(erbium ion)^l ol-g-^M ^#*Rr °1#^7> ^-R-(erbium 

doped fiber), #7l oj-g- 0^7)^)7] ^ ^^g ^-(pumping light)^- #^*Rr el] 

ol*1 cfol^.c (Iaser d iode), #71 #7l ^#^7> M-R-S ^^^7)7] 

sRMi^ ^^"71 (wavelength selection coupler) 5. ^€ ^^f. 
<u> # 7 ] ^l-e11olE^(l50)^ ^7l *1|1 ^«-(140)S^-B] ^ ^ £] ^ #a1Jl 

(115)^ ^71 %^&U00m ^-n ^7} ^^#71(200)5. #^r^, #7} ^-^#71(200) 
S,^] %4l-5l(315)fe ^-71 ^12 ^#^-(160)3. #^*ri=r. 

<15> #7l ^^-(160)^ ^-71 ^« 0 V^= #^1JU315)# ^#*H *fll s}- 

^cf#^7](170)S 

<16> #7l *fll 3r#^ ^4^5}-7l(170)^ ^"71 %^lS(315)# ^4 ^S. 4^" 

^fl^ts £-e]*H 

<17> a>71 ^11 ^Al«-(i80)^ ^71 cf^^ *fl^^8r oj^^cf. 

<is> #7l ^-fi-(400)^ -#7] afll ^^r<J 71(100) ^ *112 #^^]7l(300)# 

, A o v 7l ^«o^ ^ ^S(115 ^ 315)£] ^ *1W)7} ^cf. 

<19> #71 ^#^-71(200)^ 2112 ^ *fl3 *)l-elM £1(210 ^ 240)^, *1l2 ^ *1l3 ^li A o v 

#^-R-(220 ^ 250)sf, ^113 ^ ^14 ^--^(230 ^ 260)5. -M^tr. 
<20> #71 *fl2 *!-M°lE-U210)^ *fll ^^7l(100)5.^Bl #71 ^-R-(400)«- 
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^r#€ £#*J= ^1JL(115)^- #7l 7fl2 £#iL# ##-fK220)5 f^f], #7l 
*l]4 f^- ^-(260)5. ^-E] <y^^ ^S(315)^ #7l ^c.(4oo)l- ^-«fl #7) *fll 

<2i> #71 *fl2 £-#£.# ^-fK220)fe #7l 51(115)!- £# iL#*M ^ 

sH, #7l 7fl3 ^HK230)fe #7l Ji#€ $ w o^ 51(115)1- =§^-*H #71 

<22> #71 7113 *l#3MEi(240)^r #71 ##3l(115)» #7l ##^(400) 

* -f-«fl #71 ^112 ^^71(300)5. #71 7112 ^3"r4! 71(300)3.^ #71 

^-B-(400)# #*fl ^S(315)« #71 7113 £#JiL# #<8-fK250)S # 

<23> #71 7113 £r#iL# ^-B-(250)^- #71 ##Jl(315)« iL#^ #3 

sH, #71 7114 #^(260)£r #71 iL#£ Q^jfc ##J:(315)« ^-S}^ #71 

*(|2 ^l-eflol (210)5. #^tb^. 

<24> #71 7112 ^-^^171(300)^ cf^r^l 7112 ^^(310)^, 4^ 7fl2 ^-^(380)^ 

, ^12 s}-#^-^- ^^-71(320)^, *(|2 4 #-g-^ ^^^-71(370)^, *fl4 &#ii# ^ 
-fr(330)^-, *1l5 ^ 7116 #^(340 £ 360)2]-, 7)14 *H-5lH El (350)3. ^#^cf. 

<25> # 7 ] cf^o^ ^ 2 #^(310)*f zj-zj- 4^ 4#^1 ^^-i: #7l *fl 

^#£r ^#^(315)» ^#t!-^. 

<26> #71 7112 3}-#-g-^- Cf^S|-7l(320)^ #7l C^S} 7fl2 #^-(310)3.-^ El °J^5l^ 

*fl«# ##JK315)» 
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<27> ^-71 m -g-^Ji^ 3M3-8-(330)^- ^-7) ^« G V^= ^-^151(315)» 2.^*}^ #3 

^71 aj]5 ##-¥-(340)^ ^S(315)» #3^4. 

<28> >S-7l X|4 *)^3He1(350)^ <#7] >D5 #-^¥-(340)3.JM 

(315)^ ^71 ^-f}-(400)« -f-*fl #7l ^-^#71(200)5. #^}^, ^-^^71(200) 

3.-9- 3 #7l ^-R-(400)« -f-^fl ^]JL(115)^r <$M ^16 ^^(360) 

<29> # 7 | ^s.«-(360)^ ^7l £HJ-$= #^3L(115)# ^-7] ^12 s}- 

^4^^-71(370)5. ^i^t-Vuf. 
<30> ^-71 ^12 ^4^^-7](370)^ <g§m #4J3:(115)«- AA *]S. A 

€■ 4^ 7>xl^ *fl^ S ^-el^H #3*1-0}, #71 cf^sl ^12 =^1^(380)^ 

<31> £ 2^ £ lofl 5*1^ ^W 0 >^ S(115) ^ ^«<Hf= ^Jl(315)# M-Bl-lfl^ ZLEfl 

-§-5]^r AA tfl^^r 1532 rim - 1554 nm*H , ^7] SE^ ^»<HI= ^^(115 SE^b 

315)1- ^*Rr ^ ^^#7j:fil spj- Tj-z^ 2 nm<g-g- ^ SEth ^7} 

^K]3l(115)3l tfl<*£- 1532 ran ~ 1542 nm°M , <#7] ^51(315)^ ^ 

tfl^^r 1544 ran - 1554 nnH4. ^, 3M*:3L(115)fe- ^tfl^o.^ tfl^ 

^71 ^^(315)^ S-SSH 5U^r 3J°14. tr^, 

*-fl» 3l^Rr ^ *fl^2l Al^sj.^^ ^7) ^sj-ofl itj-el- 

^ XPM(cross phase modulation) Sitf, 91^^: *fl^-i-of| 2)*% *R1^ 
«"°l7Kr F\VM(four wave mixing) ^\ ^-s] 2fl^-|- 3 
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Tfl 5H, ol^*V Ajjr afl^-o] AJ^- ^o.ofl ^-Al^l- -A]«-ollA-1 afltfl^. ^ &7l] 

^tf. offiM, o]^^. ^-AlJi^ 2fi^-g- JlB^o] °1^ ^^Ir^lo) ^ 3.30] ^ 

^s]o}, o]a]tr ^ #3-1- ^ 4# ^o]^ji ^Hl^cf. £t, A>-g-^- ^ 5^ 4 

7>^*V sj-^- tfle^ ^cfl rfl^ojel-ji *l^tri=h £ 1<^1 4^ 

1" 4^ W^l ^cfl 4^- cH^o] 1532 nm - 1554 nm°M £{± ^ imS: 

2 nm°l^ tlnfig, ajtfls. ^ 7>^*V ^JLS] X]^^ 127> =}c]-. 

<32> 3£r .£ l°fl ^"^^71(200)1- £^o]cf. £ A] Sj W><2]- ^-o] t ^V 7 | 

^•##71(200)^ Xl2 XI 3 ^-M^mo ^ 240)S]-, XI 2 ^ XI 3 £-*K»iL# 
(220 250)3]-, XI 1 ^ XI 2 <X-°l#elH £l (opt ical isolator, 232 ^ 262)2}-, XU 5? XI 
2 ^#^71- #^-fK234 52 264)3]-, X]l 5S Xl2 ^71(238 ^ 268) XI 1 5? 

XI 2 elH*1 4°l-2.^-(236 ^ 266)S. ^^4. 5E*V, £ l°fl E*]^ X|l, Xl2, X]5 ^ 
XI 6 ^-¥-(140, 160, 340 ^ 360)^ ^ £ 3^1 E*l€ X]3 #^-(230) iE^r X]4 # 
#^-(260)Sf ^-9J*r 7^4. °1*V 7l^£]^ *VtK 

<33> Aj-7] *)]i o>o]^eHo]eK232)^ #7} XI 2 -g-^Ji^ ^-fr(220)S.^-E] ^^5]^ £ 

^!-3L(115)«- 1-4^71^, ZL <*] « 0 >fA S ^S}^ ^ ^H?]*] S^tf. Ofe]- 

-^71 *fll eflo]*] cfo]^.^(236)<Hl^ #^s]<X A J-7l *fll <X-g.^ 7 J- ^-B-(234)» *1 

M-^ ^#(237)£r #71 XI 1 o>o1^^]o]e^(232)# ^ 

<34> ^71 Xll <H#^7]- #^-£K234)ir ^71^1 <X# JL^-# <>l-g-s]-<X 

A ^7l £«J-*J= 115)1- #^*}-cf. 

<35> ^71 *fll Eflo]^] cj-o] -2-^(236)^ ^"71 O^-g- a]7lA]7l^C-l] ^^.^ 
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(237)# f^sH, ^7} m ^HHd^ ^^-71(238)^ ^7] ##=1 £HH8= %&5.(ll5)$= 

.2-^(236)^-^ El ^^(237)£r ^7] afll <H#^7> ^-^-(234)5. <a3£|S.-Si- *V 

^. 

<36> ofo] ^0^(262)^ ^-71 *1]3 250)3.^ <y^s}^. 

^ ^^(315)1- -f-^Al^o}, zt ^^-^-S. #^Rr ^ ^a]71^ SHfCf. n}s}- 
#7l *fl2 cfol^(266)<^l^ #7l ^12 <H#^7> ^o. (26 4)# *1 

M-^r ^#(267)^ <$7] *\]2 oH#511o1eK262)1- ^ 
<37> ^-7] *fl2 o]#^7} ^o.(2 6 4)^ ^-7] o^Hg ^-ai^(315)» #^-*H #3^. 

<38> *fl2 eflo]^ rq-ol^.c ( 266)^ ^#(267)* #7l *fl2 sHHd^i ^ 

^-71(268)^ ^"71 ^#£1 «^ ^Jl(315)^7 ^MH^H a o > 7 ] ^ 2 

(210H1 ^S)^ ^ ^-7] *)]2 ElM^ cfolj^c (266)5. ^-B] 

#(267)£r <$7) ^2 «H-i-^7> #^-R- (264)5 <^£]:E^- *M}. 
<39> £ a]5]^]^ z}- ^-^-H- ^«-(230 SE^r 260)^ #7] Bfl ol ^| 

ol^£L(236 Hl^r 266H1 ^ ^^}7] ^tb 3H*i ^ ^7} 

3. ^a]^o> cH, ^ ^#^7]- #^(234 ^ 264)3} ^-g;°l 2}- 

#<>fl 4^ <y^H ^^tt 1:^* ^tb ^€ 

^7> ^7}sL ^ti]^ ^ ojcf. 

*}^r ^S* 7V^ofl O).^, ZL ^ 4i7>7> f^o} A^s^o) *Vcf^ ^-afl^o) 
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*ti^ ^£7> ^ol^lcf^ ^^l^o] oil}. 
<42> 4^1, ^f3£r ^1^17} ^ 7>*lfe %<§^7l# *fl 

<44> Aj- 7lt V S.^ o. Tg-^7j ^oll ^4 ^4 ^H^t f^llt 

^T^H^ *fll ^ A}2 %^*\7]Q, *fll ^ *l]2 ^^7]# ^1 

4 ^"71 ^12 #^r^l 7H^ A o V 7 ] ^-^Al 7 ]^ cf^o} ^fl^l-S. 

<45> *fll -f-sfl <?j^€ ^7l ^« 0 >^ #A]-§rcq ^^1-2]., 7^)2 -§-*fl -^71 

^fH* ^Jl^ *B«* 4^1^- ^^^aj^, ZL ^E^ajsj ^Aljr^. ^-i- -g- 
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*fl #3*Rr *fli ^el^; 

<47> *113 #3fl #7l ^#=1 51-^-^5. #7l ^ ^ 

<48> ni^-o] > ^ofl ^ <#« 0 Hg s^j-g-^- Cf^ #-f-Al ^l^^r, 

<49> ^ 4^ cHr^ ^^#5. ol^XI ^Wj-^t 

*H, ^ A ^7l ^ ^fl^ Sj-^S" ^InsL 0)ifLo^ <*« 0 >T§: 

T^l^b *fll #^^171 

<51> #7l *fll ^ ^12 ^^7l# #71 ^ ^"o^ ^ nfl 

<52> Aj- 7 ] ^ o. AVol) ^l^i, #71 ^#-R-« -g-^fl ^HM^S #7l 

^JL^l ^-7) c^fg: ^Aljro] ^^-g- ^Eiel^sH, ZL 

z^tw, zi ^-si€ ^°o>^ 31 #7i f-sfl <y=^o.s- #^*i- 
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<53> o]^r> ^tgofl tcj-s. uf^-^^V ^A]olll- JE^-g- ^Sj-a} #^1 -^tr^-. 

*>7l ^tgoflA^ ^13<?1 ^ ^> ¥4 ^ ^ M-Efu}j7 Ol^cfl O]^ ^ 

£ 4«=H1^ *lll ^^71(500), ^-^#7] (600), ^12 #^r^]7l(700) ^ 

#^(800)5 ^Sl^ A^t W^l Al^^o) jEA^O^ #71 *ll 

1 ^^71(500)^1^1 #7l z\}2 #4^^71(700)5. ^i^sl^ ^-^1^1- £HH}= 
(515)fifJl %1 , ^«j-^o.s. ^^£l^ ^^IJll- ^w<H8= %^J^(715)el-Jl ^1 3*1 *V 
cf. °1 ^, ^71 £« 0 >^ ^ ^ %^1Jl(515 ^ 715)^ ^ s^l-oll cf^o} ^ 

5. ^^cf. 5£*V, #7l ^HKF ^^(515)^ ±^ ^ 43" ^^1 

*H^»5. ^l^M^H, Aj- 7 1 o3«Vi£ #A]Jr(7 15 )^ zJ-Zj- #71 4 ^ Afol^ 
°1 iJ-^Tr ^51 ^fl^^S. ol^^cf. 
<55> #7] #^a] 71(500)^ *fll #4^(510), cf^r^l (570) 2}-, 

*fll cf#^7l(520)fil-, ^11 ^£^3-71(560)2}-, *lll ^^(530)21-, 

*fll 5.-^ (dispersion compensation module, 540)^, ^1 *HrBlH ^ (550)5. ^p- 

<56> #71 ^2} ^^«-( 5 10)^ Zj-Z}- Cf^ 2j-#^ 7^1^ ^^-g- 

#7l ^1 3)-#-g-^- d-^7l(520)fe #71 cf^S} Tfll ^"(510)5.-^ <tm$±r A^r 
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21 £ a o v ^ %4!3l(515)« 

<57> #7l afli ^«-(530)^ #7] £#<8= ^ 31(515)1- #7l *fll 

£-tf-J±# s.l-(540)£r ^7) ^^(515)^1 £*h§- ^ #7l ^-aij: 

(515)1- ^*Rr *AM°1 ^ cf^ sKK§- 7 >^oil rcf^ ^-71 
JL(515)21 a]J: 2fl^-# H#*H t^^tf. °1 *fl, #?1 *)U £-^JeL# JS.-i-(540)^- 3)]7l 
^ (packaging)^ SE^r £# Ji#-g- ^2} ^ 5^. 

<58> ^-7} ^)^EilolEi(550)^ ^7l afli -g-#Ji# fil:(540)S^-El ^^tt 

#^lJL(515)^r ^"71 ^-^^-(800)# **fl ^71 #^-71(600)3. , #7l #^#7l 

(600)^E| ^ «o V ^ ^H0Jl(715)^r #71 *fll s)-#-g-^- <^cf^5]-7](560)^ 

<59> ^7] *fll s)-^^- ^C}^5}-7|(560)^ #71 <*«^ ^-a]s(715)1- zj-zj- ^5. 

Cf^^ £-E]*H #71 ^2} ^! ^Al«-( 5 70)^ # 

7l 4^ 

<60> #71 ^-^-6-(800)^ #7l *fll ^^71(500) ^ *)12 71(700)-!- 

^^H, #7l £ y 0 ^ ^ #^3L(515 ^ 715)21 "11*1171- ^cf. 

<6i> #7l ^-^71(600)^ *I12 ^ ^H13 *] 1-^1 °1 El (610 ^ 660)21-, *fll ^ *fl2 ^e^eIbI 

(interleaver, 620 ^ 650)2f, ^12 ^-*f(630)2f, ^2 S.-i-(640)S. ^-#£1}. 

<62> s£ 7 ) *fl2 ^H^HE^IO)^ #7l *fll #^^}7l(500)^-¥-El #7l -^(800)1" 

^^(515)fe #7l *fll ojEl e) tH (620)^1 afli #0.3. -g-wfl^, # 
71 *fl2 El n\ (650)21 ^12 #_°^e] <3«<HJ= #^JL(715)^r #7l ^-^-^-(800) 
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» *f|l ^^7) (500)5. ^^4. 

<63> ^-71 *ll 1 <£z\ 51^(620)^ *fll -g-*ll ^«&^ ^^1^(515)^ 5fl^ 

*)12 f-^ A o V 7l ^-a}s(715)^ 4^13. Si 3 3*8 

(interleaving)^, n ^e^^ 1 ^ ^^(625)» *fl3 ^«fl #^4. ^, A o v 7] 
^HdJl(625)^r £#^= ^ ^ u o V ^ #^1Jl(515 ^ 715)1- ^*Rr ^ 

<64> 4>7l *fl2 M-n- ^^-¥-(630)^ #7l *fll *]Ei 2^ (620)^1 *fl3 -f-Sfl <^^^ 

Sl^Bl^ ^Jl(625)l- ^Jl(625)# #^tr4. 

<65> 4I-7I ^2 S.-&(640)^r ^"71 ^s.^ Jr ( 62 5)-I- J£>£*H ^7) 

2 «?lBle]tH(650)^ *ll3 #.2.3. #^tri=r. 
<66> ^-71 ^ 2 <^&|El^(650)^ ^13 ^ ^-n ^7l ^HdJL(625)-I- 51-^5. # 

7l ^ u o V ^ ^ ^ a o v ^ #^1JL(515 ^ 715)5. -g-5^>^, ZL -g-El^ ^ ^-a] 

Jl(515 ^ 715)1- AA A\ & ^ ^12 ^ **fl #^tFcf. 
<67> # 7 j ^ 3 ^|^Eflo]EK660)^ <#7] #>g-R-(800)«- -§-*fl <*« 0 H§: ^a]Jl(715) 

^ ^-71 *fll <yE^E)Bl(620)^ *fl2 ^-Hfl^ , -#7} ^12 <?1 El E)tJl( 650)^1 ^o. 

<a^^ #^|3l(515)^ #71 #^4r(800)« -§-*fl €#th}. 

<68> #7l *fl2 ^^71(700)^ ^Hr^ *fl2 3*^(710), 4^ *fl2 ^^-(770)4, 

*fl2 2p££-«- 4^71(720)5+, *fl2 sj-^^- ^4^71(760)21-, *fl3 ^#-^-(730)4, 

*fl3 £- A Vj± A o V 740)3?-, ^14 *1 t-5fiolEl(750)5. ^€4. 

<69> aj-71 A]2 ^^-(710)^ AA -MS. *W sj-^S] afl^^ #^*>^, # 
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<?o> AV7l ^12 s^*-* cf^^-7l(720)^ ^-71 t\^<>\ A]2 *l*-¥-(710)3.-¥-B| <^£^ 

i=Hr^ 4^5^ ^S(715)» <M^. 

<7i> ^"71 *|]3 #^(730)^ %7\ <**&f& %^1S(715)» f4sH ^"71 *fl3 

2.^(740)^- ^71 ^Jl(715)» li^H 

<72> >a-7l *fl4 ^ll-eflolEK750)^ ^"71 *fl3 H.f-( 740)5.^ <y^s1 ^> 

^1J1(715)^ -*7l ^ -8- (800)1- ^-*H ^71 ^-^71(600)5. #7] %^7] 

(600)3^ ^7} ^-H-(800)» »*fl ^ u o v ^ ^^(515)^ #7) *fl2 sj-^^- 

^cf^7l (760)3. #3^. 
<73> # 7 | m ^^Sj-7l(760)^ £^D= ^^1^(515)1- AA *]£- &t 

€■ ^Hr^ ^7) cf^Sl A]2 4^1^(770)^ 

^71 *fl^«- oge^v^t}. 

<74> £ 5^ £ 4^1 ^«o v ^ MS ^ ^ y o v ^ MJK515 ^ 715)1- ^-^^ 

^-§-5]^ 2)-^- tfl^^r 1531 ran - 1554 nm°M , -#7] SE^ ^IH* ^JL(515 SE 

^ 715)1- ^SRr 2 nm°J-8: ^ flt=h HLth #7l £ 

H o v ^ ^51(515)1- ^*Rr ^^2] AA 1531, 1533, 1535, 1537, 1539, 1541, 

1543, 1545, 1547, 1549, 1551, 1553 nm°H , ^7] (715)1- ^^fe *fl\i 

o] sj-^ z}-z}- 1532, 1534, 1536, 1538, 1540, 1542, 1544, 1546, 1548, 1550, 1552, 
1554 nm°lcK ^, ^7) #<0JL(515)^ A A 2 nm^l %± ~QA^^ 4# ^ 
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^ cHr3 Jft^S- o} = o]x)u\ t #7} <* #^S(715)^r AA #71 zj- ^11^ sj-^ 
a}o]q\ 4^-0} ^S]^ *fl^#3. ol^o^cf. ZLfi^H-S., £ 4<H1 %mo. 

(800) vflofl^i £^ £ %H3L7\ ^X\6\) *\t§is}^ 4# #3£r 

7>^-tb ^Jl2l *fl\i^r 24°]b], £ l°fl Al^aiji}. ^^7^ ^^*}- S}-# tfl<*j 

<75> 5E 6£- JE 4<H1 ^-#^71(600)1- ^Ej-ufl £^0)^. ^a]^ a} a}- go] p aJ- 7 ] 

^^^71(600)^ »]2 ^ *fl3 *H-3Me1(610 ^ 660)^4, *fll ^ *fl2 °]E] E) v\ (620 ^ 
650)2}-, o>ol^5ilolEK632)sq- ( o]^^7} ^-^-(634)2]-, s^Kd^ ^7} (638)2f , 
^ cfol^.c(636)^, ^12 £-^iL# S-1-(640)S. ^^^cf. SEfh £ 4<H] *fll ^ 

^13 ^-^-(530 ^ 730)^ ^ £ 6^] S.*\& *fl2 ^#^-(630)^ ^^Sr 

<76> aV 7 ] o]-o1^^|o]eK632)^ #71 *fll ^1 &| si (620)£] *H3 % 

^1^(625)» ^*)?}^, H °1^<L5L *!*8*Rr %£r **M?)*1 °1 #71 

^^(625)^ #71 ^ <*« 0 Hg ^HdJl(515 ^ 715)1- ^*Hr ^H^lrS. o] =0^ 

^t}. ofs}-^, Aj- 7l e fl oi 7 -i cfol^=( 6 3 6 )^^ #^sl<H #7l ^l-g-^7} ^0.(634)^. 

*Mtt ^#(637)-8: #71 o>ol#eflolE^(632)» -f-^ ^ & 
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i=h #7l <H#^7> ^-^-(634)^ <^7l^ <H# o]^-^ o. £ « o v^ i4f o]^><^ ^-7) 
^-<0^(625)» S&th ^"71 <H#^7> ^^-(634)^ JEeHl^ ^7f 

%^-B-(Pr doped fiber )S. ^ oicf. ^ = eH|.fi.-g- ^7> ^-frfe ^7)^ He} 

<77> ^"71 Eflol^ cfol^.c (636) - ol^-o. O^H^t-fl *^#(637) 

1- ^-71 2HKd«] ^^-7)(638)fe #^1J>(625)^ ZLcflS. ^--4*1^ 

^•i ^71 *fl2 <?}Ei £^(650)2] *fl3#°fl ^^-S^ *H ^"71 eflo]^ tfo]^.s. (636)5. -9- 
3 ^*g#(637)£- ^71 <H#^7> ^-B-(634)S. ^351-^ tb^. 



<79> -g- ^ofl rtj-s. c$« o Hg: spj-g-^- t}^ ^--f-A] Al^efl^- ^ jx)-^- #3 o.s. 
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1] 

AA AA^% ^IJl* ^^sRr *fll ^ A]2 %^*i7}Q, ^7} 

^ Xl2 ^*^7l# £;g*M afll ^^7loflA^ aj-7] ^ 2 :£^Al7lJL 

xi i #-a- <a^€ #7} %ti3L2) *n«:4, xi2 ^ # 

7] ^Jl^ *H«* S^tS. olEiE^M, ZL ^]ElS]« 0 l^ XI 3 

■§-*n xu si^*^; 

2] 

A oM -f-Sfl ^71 *fll ^E^^ ^ U 
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3^*Rr 4i ^^tiW^s*; 

A oM XI 2 ^el^sl xl2 ^S-^Ei <a^€ ^«o v ^ ^!Jl£t #7l -f-«fl 



[3^*8- 3] 

XU*J- B£^ Xl2%Ml 91°}*], 

^■7} XU Xl3 #-4 <#7] 42 ^eN^ X| 3 a}°H #7l oi^sl 



4] 

^ ^-7) A *m ^ 4*cM 4^ ^#5. <3 a o v ^ 

#71 <3«J-^ ^Jl-I- Si^H, #71 *r4l*Hr XI 2 ^^7lsq- 
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#7l *fll ^ A]2 ^^711- #7} ^ ^ H o v ^ oil 

^^1-^ #7l #*}Jl^ ^^-t-a: aHg-tS. SI^U^M. =l oiEle)^ 



5] 

4 i ^-7i £« 0 H£ ^m-sk ^12 ^ *§-n # 

7) ^ y o V ^ *fl^l~§- Sj-^^S. olB^WJ^, ZL ^lEi^«J^ tf^A* *l|3 

*fl 3 ««H ^7l #4!3l» ^ms. ^r7) £ % 

#7} #«fl #4!JLfe ^71 ^11 SIBILS! afll ^-0.5. ^-Wfl 
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#^*Rr *112 ^^Eflo]E^ 5L^§H SKr J**** ^ # 



[^T 1 * 6] 

*fll 9lt\z)v\<$ *fi3 #4 -*7] 42 tl^e)^ ^13 Aj-ojofl ^- 7 ] o)b\z) 
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